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Abstract
Upper Permian bedded chert from a Jurassic accretionary complex of the Mino Belt, Southwest Japan,
yields abundant radiolarian fossils. The stratigraphic continuity is suitable for a quantitative
paleontological study involving the change in frequency and in biometry of radiolaria.
Two stratigraphic sections of the Upper Permian bedded chert at the Gujo-hachiman and Ryozen areas
were examined to clarify the evolutionary pattern of Albaillella (Radiolaria). Seven species are recognized
in Late Permian Albaillella, the type genus of Albaillellaria. There is a change in abundance over time,
with the most common species changing from Albaillella triangularis, A. excelsa, A. flexa, to A. levis.
The highest frequency of each species is interpreted as indicating its evolutionary species acme.
Morphometric study was applied to Late Permian Albaillella. These species are regarded as a
monophyletic group, based on their morphological features and stratigraphic distribution. They have a
flattened conical shell with one ventral wing, so it is easy to compare the shell geometry between species.
Four parts of Albaillella were measured: height of upper part (HU) , height of lower part, width between
rods at aperture, and angle of curvature at apical part. Generally, mean shell size is larger at the Ryozen
section than the Gujo-hachiman section. It may represent differences in local environments between the two
areas. Oscillation in mean HU is commonly detected in each species of Albaillella. Times of increase and
decrease in HU are simultaneous among co-existing species. It may' be influenced by environmental
change. A gradual morphological shift through time is also recognized among individual species, and this
is regarded as an evolutionary trend of Albaillella. The phylogenetic relationship of Late Permian
Albaillella is revised.
Oscillation of HU in Albaillella took place over intervals of 10' - 10' years. As a possible cause, it is
suggested that they reflect an environmental change related to the Milankovitch cycles. The durations of
acmes, intervals of long-term morphological change, and the stratigraphic range of species are estimated
at 10' years. They may indicate the patterns of specific and interspecific evolution of radiolarians.
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1. Introduction
The first description of the genus Albaillella
(Radiolaria) goes back to Albaillella paradoxa from
the Lower Carboniferous Visean, by Deflandre (1952).
Albaillella IS the type genus of the suborder
Albaillellaria. The descriptions of albaillellarians have
been advanced with a biostratigraphical viewpoint (e.g.,
Holdsworth and Jones, 1980; Ishiga and Imoto, 1980;
Ishiga et al., 1982a,b,c; Ishiga, 1986; Kozur and
Mostler, 1989). However, many studies concerning the
phylogeny or evolution of albaillellarians have a
paleontological point of VIew. Holdsworth (1969)
pointed out that the fundamental skeletal geometry of
the Visean genus Albaillella and the Namurian genus
Ceratoikiscum are closely related. Now, it is considered
that the triangular frame of three rods is the essential
framework of Albaillellaria. The phylogenetic relation-
ship of albaillellarian genera was discussed by Nazarov
and Ormiston (1986a), Cheng (1986) and Ishiga (1987).
The phylogeny of Late Permian Follicucullus was in-
ferred by Caridroit and De Wever (1986). Takemura et
al. (1995) reported the internal frame structure of Late
Permian Albaillellaria.
Kozur and Mostler (1989) classified these Late Per-
mian Albaillella to their new genus Imotoella. The in-
ternal frame structures also seem to support their clas-
sification (Takemura et ai., 1995). However, our
knowledge of the internal structure of Permian
Albaillellaria is limited at the present time. I use the
genus Albaillella tentatively in this study to avoid con-
fusion.
The purpose of this study is to clarify the evolution-
ary pattern of Albaillella. In this study, the Late
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Permian Albaillella is selected for the following rea-
sons. 1) All the species are abundant in the bedded
chert sections of the Mino Belt, southwest Japan. 2)
Albaillella is comparatively easy to identify when
poorly preserved because the test is robust. 3) Late
Permian Albaillella forms a monophyletic group; they
have one ventral wing and simple shell geometry, so it
is easy to compare species. 4) The stratigraphic range
of Late Permian Albaillella is rather short; it is ex-
pected that the evolutionary route can be easily traced.
This is an especially important group for radiolarian
biostratigraphy of the Late Permian. Bedded chert sec-
tions have been selected in order to look for some
changes of radiolarian assemblages and radiolarian
morphology. The stratigraphic continuity of bedded
chert is suitable for the study of radiolarian changes
extending over a long period of time.
Late Permian Albaillella was detected first from the
Tamba Belt, Southwest Japan (Ishiga and Imoto, 1980;
Takemura and Nakaseko, 1981). Ishiga, Kito and Imoto
(l982a) described these radiolarians systematically and
reported the stratigraphic occurrences of albaillel-
larians.
The stratigraphic distribution of Albaillella from
the Mino Belt was studied by the present author on the
Upper Permian bedded chert section (Kuwahara and
Sakamoto, 1992). Changes in relative frequency and in-
dividual number were observed over time (Kuwahara,
1997a, b). The most common species changes from
Albaillella triangularis Ishiga, Kito and Imoto, to A.
excelsa Ishiga, Kito and Imoto, to A. flexa Kuwahara,
and finally to A. levis Ishiga, Kito and Imoto. The in-
terval of highest frequency was interpreted as the acme
of each species (Kuwahara, 1997b). Using these find-
ings, four abundance zones were proposed in the Upper
Permian (Kuwahara, 1997a). Some morphologic
changes of Albaillella were detected through the sec-
tions by a biometric study (Kuwahara, 1993, 1997b).
In this paper, the morphological changes of each spe-
cies of Late Permian Albaillella are presented compre-
hensively. The stratigraphic distribution of Late Per-
mian albaillellarians (mainly Albaillella) is reviewed.
The meaning of forming acme is discussed. The general
evolutionary trend of Albaillella is discussed. The
stratigraphic distribution and morphologic change of
Albaillella are discussed with reference to interpreta-
tions of the evolution and the paleoenvironmental
changes.
2. Geologic setting and studied material
The study areas are in the Mino Belt, Southwest Ja-
pan. The Jurassic accretionary complex in the Mino
Belt is composed of melanges and coherent sequences.
According to Wakita (1988), this complex was divided
into six tectonostratigraphic units on the basis of their
composition, fabric and structure. One of these units,
the Funafuseyama unit, is characterized by stacked
slices of Middle Jurassic melanges and disrupted
turbidites, frequently associated with slices of Permian
greenstone, limestone, and chert. Studied materials
were collected from the chert block of the
o
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Fig. 1. Index map of the Mino Belt, Southwest Japan, showing location of the study sections. Geologic map of the Mino Belt
is simplified from Wakita (1988) .
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Fig. 2. Time scale of Upper Permian and columns of the GA and R sections. Stratigraphic ranges of Late Permian Albaillella
are shown as solid lines. Abundant occurrence is shown as a thick line. a: the horizon of top of the Albaillella
triangularis Abundance Zone; b: the horizon of base of the A. flexa Abundance Zone; c: the horizon of base of the A. levis
Abundance Zone; d: the horizon of top of the A. levis Abundance Zone.
Funafuseyama unit. Two stratigraphic sections of bed-
ded chert from the Gujo-hachiman and the Ryozen areas
were selected for this study (Figs. 1, 2).
Gujo-hachiman area (GA section)
The Gujo-hachiman area is in the central part of the
Mino Belt. The northern part of the Jurassic Nabigawa
Formation (Wakita, 1984) occurs around the study
area. Studied materials were collected from a chert
block at locality G1709 (Wakita, 1983) and locality 62
(Wakita, 1984), in which well-preserved Late Permian
radiolarians were reported. This chert block was COrre-
lated to the Neoalbaillella optima zone of Ishiga et al.
(1982c) by Wakita (1983). At the same locality,
Kuwahara et at. (1991) reported the presence of
"Toishi-type" siliceous mudstone within N. optima zone.
A study section (the GA section) is 9.7 m thick. It was
corresponded to the N. optima and N. omithoformis
Zones (Kuwahara and Sakamoto, 1992) . Four
Albaillella abundance zones were proposed in this sec-
tion (Kuwahara, 1997a), the A. triangularis, A. excelsa,
A. flexa, and A. levis Abundance Zones.
The section consists of greenish-gray bedded radio-
larian chert. Hematite-layers and nodules are interca-
lated in some places within the middle and upper parts
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3. Stratigraphic distribution of Late Permian
albaillellarians
Formation, because, around the studied section,
greenstone seems to be associated with Permian bedded
cherts.
The section treated herein is called the R section.
Fifty-eight samples were collected, bed by bed. For a
detailed description of the sampling material, refer to
Kuwahara (1997a). The R section is greenish-gray ra-
diolarian bedded chert, with siliceous claystone and
dolomitic chert within the lowermost part. The
hematite-rich part and the black organic?-rich part are
intercalated in the chert within the middle and upper
parts of the section. The thickness of the R section is
3.7 m. The time duration of the R section is estimated
to be less than several million years, based on correla-
tion with the GA section.
The Late Permian radiolarian assemblages examined
consist of albaillellarians, entactinarians and
spumellarians. The assemblages comprise 45 to 60 spe-
cies per one or two preparation glass slides in each
stratigraphic horizon in the GA section (Yao and
Kuwahara, 1997). The diversity, in terms of the num-
ber of species, is relatively high. The individual number
of Albaillellaria per total Radiolaria (percentage of
Albaillellaria/ total Radiolaria), the relative frequency
of Albaillella per total Albaillella (relative frequency of
Albaillella) and the number of individuals of Albaillella
per one preparation glass slide (abundance of
Albaillella) were shown by Kuwahara (1997a). They
show some temporal changes within the GA and R sec-
tions.
In the GA section, the percentage of Albaillellaria/
total Radiolaria is usually less than 4 per cent in 70 per
cent of the samples. However, some samples include
more than 10 per cent of Albaillellaria (15.8% in the
maximum). In the R section, the percentage of
Albaillellaria / total Radiolaria is less than 4 per cent
in 60 per cent of the samples. The mean percentage of
Albaillellaria in the R section is slightly greater than
that in the GA section. A total of four genera and 26
species were recognized. They are 10 species of
Albaillella, 7 of Follicucullus, 5 of Neoalbaillella and 4
of Pseudoalbaillella, as follows:
of the GA section. One-hundred and fifty-five samples
were collected, bed by bed. Refer to Kuwahara (l997a)
for the sampling materials of the GA section in detail.
Radiolarians and conodonts occur together in the
bedded chert section. Kitao (1996) studied the Upper
Permian conodont biostratigraphy in the same section.
The section is correlated with the middle-upper Upper
Permian Neogondolella subcarinata Assemblage Zone, on
the basis of conodont data.
The time duration of the GA section is estimated as
follows (Fig. 2). There is disagreement over the time
interval represented by the Late Permian. Klein and
Beauchamp (1994) estimated the age of the base of the
Dzhulfian (Wujiapingian) to be 259 Ma, the boundary
between the Dzhulfian and the Changxingian was esti-
mated at 255 Ma, and the Permian/Triassic boundary
at 251 ± 2 Ma. Therefore, the time interval of the
Dzhulfian and the Changxingian is about 8 million
years. In the time scale of Harland et al. (1990), the
Late Permian is represented by the Lopingian, including
the Longtanian and Changxingian. The base of
Lopingian was estimated at 250 Ma, and the top of
Lopingian (the Permian/Triassic boundary) at 245 Ma
(Harland et al., 1990). Therefore, the time interval of
the Lopingian is 5 million years. The stratigraphic
range of the GA section was considered to represent
more than half of the Upper Permian (Kuwahara,
1997a). The time duration of the GA section is esti-
mated at less than several million years.
Ryozen area (R section)
The Ryozen area is located in the southwestern part
of the Mino Belt. The Ryozensan Formation
(Harayama et ai., 1989) is widespread in the western
part of the study area. The Jurassic Ikuridani Group
(Miyamura et al., 1976) crops out in the eastern part
of the study area. The Ryozensan Formation is thrust
upon the Ikuridani Group. The Ryozensan Formation
consists mostly of limestone and greenstone, and inter-
calated chert. Occurrences of Jurassic radiolarians
from the mudstone matrix of the Ryozensan Formation
were reported by Yamagata (1993). The Ikuridani
Group is composed mainly of sandstone, mudstone and
chert.
Samples were collected from the same locality as
that from which Ishiga et al. (1982a) reported the
Neoalbaillella Assemblages. The study section is one of
the Upper Permian chert blocks which had been consid-
ered to be a member of the Ikuridani Group (e.g.,
Ishiga et al., 1982a; Kuwahara and Sakamoto, 1992). I
consider the chert block to be a part of the Ryozensan
Suborder Albaillellaria Deflandre,
Holdsworth, 1969
Family Albaillellidae Deflandre, 1952
Genus Albaillella Deflandre, 1952
1953, emend.
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Albaillella asymmetrica Ishiga and Imoto
A. excelsa Ishiga, Kito and Imoto
A. flexa Kuwahara
A. lauta Kuwahara
A. levis Ishiga, Kito and Imoto
A. sp. afL A. levis Ishiga, Kito and Imoto
A. sinuata Ishiga and Watase
A. triangularis Ishiga, Kito and Imoto
A. sp. A of Kuwahara and Sakamoto (1992)
A. sp. C of Kuwahara (1997b)
Genus Neoalbaillella Takemura and Nakaseko, 1981
Neoalbaillella gracilis Takemura and Nakaseko
N. grypa Ishiga, Kito and Imoto
N. optima Ishiga, Kito and Imoto
N. omithoformis Takemura and Nakaseko
N. pseudogrypa Sashida and Tonishi
Family Follicucullidae Ormiston and Babcock, 1979
Genus Follicucullus Ormiston and Babcock, 1979
Follicucullus bipartitus Caridroit and De Wever
F. charveti Caridroit and De Wever
F. monacanthus Ishiga and Imoto
F. porrectus Rudenko
F. scholasticus Ormiston and Babcock
F. ventricosus Ormiston and Babcock
F. sp. A of Kuwahara (1997a)
Genus Pseudoalbaillella Holdsworth and Jones, 1980
Pseudoalbaillella fusiformis (Holdsworth and
Jones)
P. globosa Ishiga and Imoto
p. sp. aff. P. globosa Ishiga and Imoto
p. sp. aft. P. longicomis Ishiga and Imoto
Albaillella is the most abundant albaillellarian ge-
nus. Considerable changes in the stratigraphic distribu-
tion of Albaillella were observed. Both the highest
relative frequency and abundance change from A.
triangularis, A. excelsa, A. flexa, to A. levis, in ascend-
ing order within the sections. Fig. 3 shows the abun-
dance of Albaillella plotted against the thickness of the
GA section (Kuwahara, 1997a). The abundance of
Albaillella is counted in one preparation glass slide (22
mm x 22 mm in area) . The abundance of A.
triangularis and A. levis is especially high. In some in-
stances more than one hundred specimens are present in
(m) A. triangularis A. excelsa
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Fig. 3. Stratigraphic distribution of Late Permian Albaillella in the GA section. The number of individuals of Albaillella is
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one preparation slide. Intervals of highest frequency
are considered to represent the acme of each species. It
is estimated that each acme occurs over a period of sev-
eral hundred thousand years to one million years. The
stratigraphic range of each species of Albaillella is of
the order of millions of years.
4. Morphological change of Late Permian
Albaillella
Method
Rock samples were treated in five percent hydroflu-
oric acid for about 24 hours at room temperature. The
residue was sieved using 35 and 200 meshes and was
dried. Specimens of Albaillella were picked up on the
glass slides under a binocular microscope. The prepara-
tions were glued with "Entellan neu". Photographs
were taken for measurement under a transmitted light
microscope, using a video camera and a video copy-
processing system.
Seven species of Albaillella (A. triangularis, A.
excelsa, A. flexa, A. lauta, A. levis, A. sp. aff. A. levis
and A. sp. A) were identified and measured for this
study. Although Kuwahara (1997b) measured the A.
excelsa-A. lauta Lineage Group together, these species
have been separated here. A. sp. B of Kuwahara and
Sakamoto (1992) is included in A. excelsa here, because
there are many intermediate forms between A. excelsa
and A. sp. B, and it is impossible to separate them
completely.
Specimens of Albaillella were picked up bed by bed,
except for the horizons of extremely poor preservation.
More than ten specimens, ideally more than twenty-five
individuals, were measured from every stratigraphic ho-
rizon. The total number of measured Albaillella is 4499
specimens, made up of 3201 specimens from 63 horizons
in the GA section and 1298 specimens from 46 horizons
in the R section.
Under the transmitted light microscope, the internal
rods of Albaillella are visible. The base line of meas-
urement is a bisector line between the angle of ventral
and dorsal rods. Measured parts of the shell are HU:
height of upper part, HL: height of lower part, WA:
width between rods at aperture, and AA: angle of cur-
vature at apical part (Fig. 4). A bisector line of the
apical part is drawn for measuring AA. The ventral
side is regarded as the plus side here. HU is the proxi-
mal part in the shell, and the morphological difference
between species in size and shape is comparatively
small. The mean value and the 95 per cent confidence
intervals were computed.
dorsal
----.(-)
HU
'.
Fig. 4. The measured parts of Albaillella triangularis. HU:
height of upper part; HL; height of lower part; WA:
width between rods at aperture; AA: angle of curva-
ture at apical part.
Distinctive features of Late Permian Albaillella
The distinctive features of Late Permian Albaillella
are described briefly. Late Permian Albaillella is char-
acterized by one ventral wing, except for A. sp. C of
Kuwahara (1997b) , which has two wings. A.
triangularis, A. levis, A. sp. aff. A. levis and A. sp. C
have relatively small HL. A. sp. C is characterized by
its conspicuous bands and two wings at both ventral
and dorsal sides. A. triangularis has conspicuous
bands. On the contrary, A. levis and A. sp. aff. A.
levis have no bands. Although A. levis and A. sp. afL
A. levis resemble each other in shape, A. sp. aff. A.
levis has a stockier shell. A. excelsa, A. flexa and A.
lauta have large total shell heights and large HL. A.
flexa is characterized by its strong bending in the apical
part. A. lauta has a smooth shell surface.
Results of measurements
Basic statistical values, such as mean value and
standard deviation in the total number of specimens,
are shown in Table 1. Measurements in each section are
also shown separately (Table 2). Figs. 5-9 show mean
values of A. triangularis, A. excelsa, A. flexa, A. lauta
and A. levis, plotted against stratigraphic thickness.
Measurement values based on more than ten specimens
are shown as black squares, with 95 per cent confidence
intervals. Mean values based on less than ten speci-
mens are also plotted for reference. Temporal morphol-
ogic changes of Albaillella are described in the follow-
ing part.
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Table l. Mean, standard deviation, standard error, range, maximum, minimum, and the number of specimens of Late Per-
mian Albaillella. Except for the number of specimens, the values indicated are in pm.
species measured standard standard maximum minimum number ofmean deviation range specimenspart error
ALbaillella excelsa AA 19.41 0.25 7.37 68.00 -16.00 52.00 861
HU 110.99 0.43 12.01 84.23 70.64 154.87 762
HL 115.69 0.84 25.46 192.91 43.47 236.38 917
WA 5689 0.19 5.92 51.62 38.04 89.66 946
ALbaillella jlexa AA 47.88 1.01 14.77 83.00 4.00 87.00 216
HU 122.75 0.90 12.66 111.40 70.64 182.04 204
HL 62.98 0.79 11.63 70.64 32.60 103.25 225
WA 52.41 0.27 4.05 24.45 38.04 62.49 220
ALbaillella Lauta AA 27.00 0.43 7.59 53.00 3.00 56.00 309
HU 134.38 0.76 13.31 76.08 97.81 173.89 296
HL 69.45 0.62 11.66 57.06 40.76 97.81 350
WA 53.01 0.24 4.46 27.17 40.76 67.93 326
ALbaillella Levis AA 32.36 0.22 6.92 46.00 12.00 58.00 959
HU 124.22 0.35 10.57 84.23 78.79 163.02 893
HL 31.38 0.22 7.42 138.57 13.59 152.15 1059
WA 48.66 0.11 3.80 35.32 29.89 65.21 1062
ALbaillella sp. aff. A. levis AA 26.24 089 7.70 45.00 4.00 49.00 75
HU 116.50 1.60 13.37 62.49 89.66 152.15 69
HL 33.47 1.03 9.16 54.34 10.87 65.21 80
WA 52.68 0.57 5.24 27.17 46.19 73.36 84
ALbaillella trianguLaris AA 27.31 0.21 7.65 109.00 -15.00 94.00 1299
HU 115.45 0.38 12.25 86.94 76.08 163.02 1080
HL 29.45 0.24 8.75 51.62 10.87 62.49 1385
WA 49.72 0.16 5.60 35.32 32.60 67.93 1369
ALbaillella sp. A AA 25.20 086 7.68 38.00 8.00 46.00 80
HU 115.85 2.04 18.34 111.40 57.06 168.45 80
HL 69.42 1.44 13.45 70.64 38.04 108.68 87
WA 52.38 0.52 4.81 24.45 40.76 65.21 88
Albaillella triangularis
HU: In the GA section, mean HU is 110 fJ- m. HU
changes gradually with oscillating trend, with
minimun values at 100 fJ- m and 109 fJ- m, and
maximun values at 115 fJ- m and 118 fJ- m. In the R
section, a similar oscillating trend is evident. The
mean HU is 121 fJ- m. HU changes with oscillating
trend with minimun values at 110 fJ- m and III fJ-
m, and maximun values at 130 fJ- m and 120 fJ- m.
HU oscillates within several tens of centimeter's
thickness in both sections. Although the mean
value is different, the range of variation is about
20 fJ- m in each section.
HL: In the GA section, mean HL is mutually related to
HU (correlation coefficient : 0.60). In the R sec-
tion, the temporal trend in HL is not clear.
WA: In the GA section, mean WA varies from 45 to 50
fJ- m. In the R section, it vanes from 50 to 60
fJ- m. In both sections, mean WA is correlatable
with HL (correlation coefficients : 0.45 in the GA
section ; 0.20 in the R section). The temporal
variation of mean WA is relatively small.
AA: Angle of curvature is constantly 20 - 30° in both
sections. A significant temporal trend is not de-
tected.
Albaillella excelsa
HU: Mean HU oscillates around 110 fJ- m in the GA sec-
tion, ranging from 103 to 118 fJ- m. In the R sec-
tion, mean HU is also near 110 fJ- m.
HL: Mean HL tends to increase within the lower part
of the GA section. HL reaches a maximum of 130
fJ- m, then it declines considerably to 80 - 90 fJ- m.
Although the number of measured specimens is
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Table 2. Mean, standard deviation, and the number of specimens of Late Permian Albaillella in the GA and R sections. T-test
for equality of means was applied at 95 per cent confidence intervals. Except for the number of specimens, the values
indicated are in I'm.
GA section R section
standard number of standard number of t-test
mean deviation specimens mean deviation specimens
species measured part (!lm) (!lm) (!lm) (!lm)
Albaillella excelsa
AA 19.20 7.52 730 20.55 6.37 131 Gj=R
HU 111.37 12.04 649 108.87 11.63 113 Gj>R
HL 114.01 24.18 803 127.45 3062 114 Gj<R
WA 56.92 5.76 820 56.68 7.01 126 Gj=R
Albaillella jlexa
AA 48.18 14.70 210 37.67 1479 6 Gj=R
HU 122.78 12.66 199 121.72 14.05 5 Gj=R
HL 62.98 11.66 221 63.17 12.63 4 Gj=R
WA 52.41 4.10 215 52.17 2.28 5 Gj=R
Albaillella lauta
AA 27.10 7.79 217 26.76 7.15 92 Gj=R
HU 131.48 12.53 205 140.90 12.74 91 Gj<R
HL 69.28 11.55 257 69.94 12.06 93 Gj=R
WA 52.79 4.18 237 53.52 5.11 89 Gj=R
Albaillella levis
AA 32.20 6.69 669 32.73 7.44 290 Gj=R
HU 121.31 9.67 609 130.47 9.70 284 Gj<R
HL 31.00 7.88 757 32.39 6.00 302 Gj<R
WA 48.01 3.64 766 50.35 3.72 296 Gj<R
Albaillella sp. aff. A. levis
AA 25.42 7.64 64 31.00 6.53 11 Gj<R
HU 114.25 12.69 57 127.24 11.57 12 Gj<R
HL 33.69 9.46 68 32.39 7.55 12 Gj=R
WA 52.33 5.27 73 55.07 4.56 11 Gj<R
Albaillella triangularis
AA 28.93 8.06 633 25.76 689 666 Gj>R
HU 110.39 10.60 580 121.31 11.41 500 Gj<R
HL 26.44 7.80 736 32.88 8.50 649 Gj<R
WA 47.30 4.62 757 52.71 5.24 612 Gj<R
Albaillella sp. A
AA 25.10 7.87 72 26.12 6.03 8 Gj=R
HU 115.23 16.08 71 120.74 32.03 9 Gj=R
HL 69.94 13.10 81 62.49 17.52 6 Gj=R
WA 52.44 4.67 81 52.00 6.74 7 Gj=R
rather small, HL seems to decline from 140 to 90 Albaillella Ilexa (GA section only)
fJ- m in the upper part of the R section. HU: Mean HU changes slightly in the GA section. HU
W A: In each section, mean W A has a narrow range, be- seems to decrease from 130 fJ- m to 115 fJ- m as a
tween 50 to 60 fJ- m. general trend.
AA: Mean AA is about 20° in each section. HL: Mean HU is about 60 fJ- m in the GA section. A
significant temporal trend is not observed.
WA: Mean WA is 52 fJ-m III the GA section. WA
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Fig. 5a. Measurements of A. triangularis plotted against the thickness of the GA section. Black square: the mean value of more
than ten specimens is plotted with 95 per cent confidence intervals. White quare: the mean value of less the ten speci-
mens is plotted as reference. The number at each horizon indicates the number of specimens.
shows no significant change over time.
AA: Mean AA is 40 - 50° within the lower part. It
gradually increases, then reaches a maXlmun of
more than 55° in the middle part of the GA sec-
tion. In the upper part, it declines to 35°.
Albaillella lauta
HU: Mean HU oscillates in the GA section from 126 to
136 JL m. In the R section, it oscillates between 135
and 150 JL m.
HL: Mean HL is around 70 !-' m in both sections. Al-
though the number of measured specimens is small,
HL seems to decrease in the upper GA section.
WA: Mean WA is consistently around 50 !-' m in each
section, with little variation.
AA: Mean AA seems to decrease gradually from 4 m
above the base of the GA section.
Albaillella levis
HU: Mean HU oscillates around 120 !-' m lD the GA sec-
tion and varies from 114 to 127 !-' m. In the R sec-
tion, the mean value is 130 JL m and varies from
127 to 134 JL m. In addition, HU tends to decrease
in both sections.
HL: Mean HL is 30 !-' m in both sections. Mean HL
gradually changes within 10 !-' m in range.
WA: Mean WA remains stable at 50 !-' m in each sec-
tion.
AA: Mean AA fluctuates from 28° to 37° in the GA
section. However, mean AA remains stable at 32°
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Fig. 5b. Measurements of A. triangularis plotted against the thickness of the R section.
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Comparison of changing patterns between species
An oscillating pattern in HU is commonly detected
in each species. Fig. 10 shows the change in mean HU
plotted against thickness of the sections. The
biohorizons based on abundance of Albaillella are also
shown. A. triangularis and A. excelsa, A. levis and A.
lauta occur together within the stratigraphic ranges, re-
spectively. The oscillating pattern seems almost simi-
lar between co-existing species. The oscillating patterns
may correlate between the sections. Near the top hori-
zon of the A. triangularis Abundance Zone, the mean
HU of A. triangularis tends to increase in both of the
sections. The mean HU of A. excelsa in the R section
also tends to increase near the top horizon of the A.
triangularis Abundance Zone. However, the mean HU
of A. excelsa in the GA section does not show such an
increase. At the lower part of the A. levis Abundance
Zone, each mean HU of A. levis and A. lauta shows
two increases and decreases within both sections. The
number of chert beds in this interval of two oscillations
in the A. levis Abundance Zone is eleven in the GA
section and eight in the R section, respectively. There-
fore, the numbers of chert beds did not correspond be-
tween the sections completely. The oscillation in HU is
detected from several to tens of chert beds. or in other
words. in several tens of centimeters within the sec-
tions. The time interval of oscillation is estimated to
be of the order of several ten thousand years to several
hundred thousand years. It may be predicted that some
cyclic environmental changes influenced the radiolarian
shell size in the Late Permian.
Some morphologic changes are long term and extend
over the species range. Such changes are observed in
the HL of A. excelsa and A. lauta, the AA of A. flexa
and the HU of A. levis. These changes occur to a large
extent in size and also affect the overall shell geome-
try; they may be related to the evolutionary changes.
T-test for equality of means
To compare the mean values of measured parts be-
tween the sections, the t-test for equality was applied
in ninety-five percent confidence intervals. Table 2
shows the result. Ten means in size of the R section
are significantly greater than those of the GA section.
Paleontological study of Late Permian Albaillella (Radiolaria) 25
(m)4.-------------.
IWAI
4 r(m....:.) --,(m)
4~-----------.
A. excelsa
IHUI
GA section,
4 (m)
1:12 [] 2
[]4 []s dJ8 4 [J4 C8 [J4 8C
Cl [J3 [J3 C1
3.5 3.5 3.5 3.5
~14 t-+i21 r-;20 r---i15
C7 J8 Co r---t 47
Co r-------i 17 ~17 [Jo
t---II--l23 ..--127 1-4'i20 t-+i 27
~17 ~24 f-11-128 ~2~[J7 [Jo J-a-112
t-a-f 25 ~30 r--t 31 t-a-f 28
.....-.....--.t14 j-a-i 23 t--a--l28 ~18
• 110 t---II--l '8 .........-..t 16 ~11
1:'---=-t22 ~30 ~ ~~26 30 27
r-------i 16 """'-';26 ~23 .-.-.t 21
..........-1 25 ~31 ~33 ~31
.........-..t24 ..........-138 t---t 39 31
2.5 []3 2.5 C? 2.5 [J2 2.5 []3
~12 t----l 21 f--II-t 20 ~'3
~31 ~41 r---i 42 ~34
~14 ....--.t18 r---t 10 r----i 18
...-..--t 2O I--r ~32 j-a-i 35
""""'28 ~20 1=:1 24 r-i29~42 48 48 1'II't46
~10 2 .0 2 [J8 2 [J7
t-a-f 38 t------I 43 j-a-i 44 ~41
15
~'8 II: 13! ~ ~2126 34 ~30
~34 ~38 t---t 33 ~31
~33 ..--1 40 j-a-i 41 /-II-i 35
~r'0 r---i33 r--t 31 t-a-i 32~15 ~15 t-a--t 14
[J4 []3 []4 [J5
1.5 1.5 1.5 1.5
• 118 l--1l--I22 r---i 24 ~19
[]4 [J6 [] 5 []4
t------t 15 t---II--l 20 r---i 21 ~18
[]1 []1 []1 [J1
[]1
0.5 0.5 0.5 0.5+-----,----r---..---~
90 100 110 120 130 70 90 110 130 40 50 60 70 0 10 20 30 40
(/lm) (/lm) (/lm) (degree)
Fig. 6a. Measurements of A. excelsa plotted against the thickness of the GA section. Black square: the mean value of more than
ten specimens is plotted with 95 per cent confidence intervals. White quare: the mean value of less than ten specimens
is plotted as a reference. The number at each horizon indicates the number of specimens.
Ten means in size show no difference between the sec-
tions. Only one mean of the GA section is significantly
larger than that of the R section. The mean shell size
is larger in the R section than in the GA section, gener-
ally.
Relation between relative frequency and mean HU
The relation between relative frequency and size is
examined (Fig. II). The correlation coefficient is calcu-
lated between the mean HU of A. triangularis and the
relative frequency of A. triangularis per total
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Fig.6b. Measurements of A. excelsa plotted against the thickness of the R section.
Albaillella. Correlation coefficients are 0.69 in the GA
section and 0.40 in the R section, respectively. The
relative frequency of A. triangularis seems to increase
with the size in HD. However, there are no relations
between relative frequency and size in the other species.
At present, a relation between relative frequency and
shell size is debatable.
5. Evolutionary lineage of Late Permian Albaillella
Evolutionary trend of features
The evolutionary trends of Late Permian Albaillella
are detected in the decrease of the number of wings, the
disappearance of bands, the strongly curved apical part,
and a reduction of the height of the lower part (HL)
within species, as shown below.
The number of wings: Middle Permian Albaillella
sinuata Ishiga and Watase has three dorsal spines and
two ventral spines (Ishiga et al., 1986). A spine of A.
sinuata corresponds to a wing of Late Permian
Albaillella. As mentioned earlier, A. sp. C of
Kuwahara (1997b) has one dorsal wing and one ventral
wing. A. excelsa, A. flexa, A. lauta, A. levis, A. sp.
aff. A. levis, A. triangularis and A. sp. A have only
one ventral wing. There is a tendency for the number
of wings to decrease.
Bands: In Late Permian Albaillella, the bands tend
to disappear (Kuwahara, 1997b). A. sinuata, A.
triangularis, A. sp. A and A. sp. C have prominent
bands. A. excelsa occurs with or without bands. It is
considered that the conspicuous bands are an ancestral
feature, and the smooth shell surface is a derived fea-
ture. Smooth shell surface may be formed owing to the
simplification of the shell structure.
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Fig. 7. Measurements of A. flexa plotted against the thickness of the GA section. Black square: the mean value of more than
ten specimens is plotted with 95 per cent confidence intervals. White square: the mean value of less than ten specimens
is plotted as a reference. The number at each horizon indicates the number of specimens.
Strongly curved apical part: As stated by Kuwahara
(l997b), a strongly curved apical part is considered to
be a derived feature in Albaillellaria. A strongly
curved apical part sometimes occurs in Albaillellaria.
Follicucullus bipartitus Caridroit and De Wever, F.
hamatus Caridroit and De Wever, Neoalbaillella grypa
Ishiga, Kito and Imoto, and N. pseudogrypa Sashida
and Tonishi have the curved apical part. F. bipartitus
and F. hamatus arose from F. scholasticus (Caridroit
and De Wever, 1986). N. grypa and N. pseudogrypa ap-
pear relatively late in their genus range (Ishiga et al.,
1982a, Sashida and Tonishi, 1988).
Height of lower part (HL): Kuwahara (1997b)
pointed out the tendency of length to decrease from the
proximal part of the wing to the aperture (LW) in the
A. excelsa - A. lauta Lineage group. The gradual de-
creasing trend in HL is observed in A. excelsa, A. flexa
and A. lauta. The decreasing trend in HL may be an
evolutionary morphologic change.
Phylogenie reconstruction of Late Permian Albaillella
The phylogenie lineage of Late Permian Albaillella
has been reconstructed by Caridroit and De Wever
(1986) and Kuwahara (1997b). A. triangularis is the
most ancestral species among Late Permian Albaillella
that has one ventral wing. The lineage from A.
sinuata, A. sp. C then to A. triangularis has been re-
constructed by Kuwahara (1997b). The evolutionary
change is characterized by the removal of wings. A.
triangularis gave rise to A. levis (Caridroit and De
Wever, 1986) and A. sp. aff. A. levis. They are charac-
terized by simplification on the shell surface.
Kuwahara (1997b) reconstructed the lineage from A.
triangularis, A. excelsa. A. sp. B, A. sp. A, A. flexa to
A. lauta, based on their stratigraphic order in occur-
rences. In this reconstruction, the presence of bands in
A. sp. A and A. flexa has to be considered as an evolu-
tionary reversion. The first appearances of each species
of Albaillella are relatively early in the Late Permian,
regardless of their acmes (Kuwahara, 1997a). Rapid
speciation may occur in the early Late Permian.
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Fig.8a. Measurements of A. lauta plotted against the thickness of the GA section. Black square: the mean value of more than
ten specimens is plotted with 95 per cent confidence intervals. White square: the mean value of less than ten specimens
is plotted as a reference. The number at each horizon indicates the number of specimens.
Therefore, the phylogenie relationship is revised, based
on the shell geometry as follows. A. triangularis gave
rise to A. sp. A with extending of the shell at the aper-
ture. A. sp. A, A. excelsa, A. flexa and A. lauta are
a closely related group because of their large HL. A.
sp. A may have given rise to A. excelsa, A. flexa and
A. lauta. In this phylogenie reconstruction, it is not
necessary to consider the evolutionary reversion as
Kuwahara (1997b) did. The revised phylogenie relation-
ship is shown in Fig. 12.
When speciation arises, large morphologic changes
appear. As examples of such morphologic changes, the
disappearance of wing in A. triangularis, the extension
of the distal part in A. excelsa, the strong bending of
the apical part in A. flexa and the disappearance of
bands in A. lauta may be mentioned. The long-term
morphologic changes within species variation, such as
HL of A. excelsa and AA of A. flexa, may be the evo-
lutionary changes. These changes appear on a relatively
large scale in both size and form. Therefore, overall
shell geometry from the early form to the late form is
considerably different within a species.
The rapid speciation of Albaillella is considered to
have taken place in the early Late Permian. Was there
some event in the environment at that time? In the
shallow seas, the collapse of reefs on a large scale is
known at the end of Middle Permian (Ezaki, 1995).
During the middle Leonardian to Wordian, large
amounts of biogenic siliceous sediments were deposited,
and this event is called the mid Permian chert event
(Murchy and Jones, 1992). It may be considered as rep-
resenting a major change in the paleoceanographic
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Fig. Sb. Measurements of A. lauta plotted against the thickness of the R section.
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circulation patterns at that time. The rapid speciation
of Late Permian Albaillella might be related to such an
environmental change.
6. Paleoenvironment in Late Permian
Radiolarian assemblages and paleoenvironment
To clarify the relations between radiolarian assem-
blage and paleoenvironment, the knowledge of Recent
radiolarian ecology is necessary. Recent radiolarian
faunal distribution in space is controlled by water tem-
perature. Therefore, the distribution is closely con-
nected with the latitude and water depth (e.g., Ander-
son, 1983). The relation between paleoenvironment and
radiolarian assemblage was examined in a Cenozoic ra-
diolarian assemblage. Williams and Keany (1978) stud-
ied radiolarian and planktonic foraminiferal percentages
in a deep-sea core from the southern Indian Ocean. As
paleoclimatic indexes, the percentages were compared
with the oxygen isotope record. It was well known that
the high percentage of Antarctissa indicates cooler wa-
ter temperatures. Changes in the percentages of
Antarctissa strelkovi correlate well with the oxygen-
isotope record of glacial-interglacial changes. There-
fore, the relative abundance of Antarctissa strelkovi
may be used as a paleoclimatic index.
Little is known concerning the paleoecology and
paleogeography of Paleozoic radiolarian faunas.
Holdsworth (1966) reported radiolarian assemblages
from calcareous concretions from the Carboniferous
Namurian. The radiolarian faunas characterized by
spumellarians could also flourish at relatively shallow
depth; the faunas containing rich albaillellarians may
exist m depths of water deeper than spumellarian fau-
nas. The paleoecologies of Permian radiolarian faunas
were discussed by Kozur (1993). The paleoecologic
evaluation of the ostracod fauna from the radiolarian-
bearing sample was possible, and the evaluation was
supported by conodonts. Copicyntrinae occurs almost
exclusively down to 50 m in water depth. Entactinaria
is abundant within the range from 50 m to 500 m in
water depth. Albaillellaria dominantly occurs with
Entactinaria, Ruzhencevispongacea and Phaenicosphaera
in more than 500 m of water depth. In the pelagic
area, percentages of Entactinaria are low and the per-
centages of Albaillellaria and Phaenicosphaera are high.
Late Permian radiolarian assemblages from bedded
cherts m the Mino Belt are characterized by
Albaillellaria. According to Holdsworth (1966) and
Kozur (1993), the paleoecology of Albaillellaria infers
pelagic and deep-water areas. This is conformable to
the depositional environment of bedded chert. The pe-
lagic radiolarian faunas from shallow water to deep
water were concentrated in the depositional basin of
bedded chert. Therefore, the radiolarian assemblages
have high diversity in the number of species obtained
from chert samples.
The range and frequency of occurrence vary with
genera and species in Albaillellaria (Kuwahara, 1997a).
Each species of Albaillella tends to flourish greatly in
the short term. However, each species of Follicucullus
occurs with low frequency and tends to survive in the
long term. Such patterns may show the evolutional dif-
ference, or the difference of adaptation against the en-
vironment, among these genera. Acmes of both A.
triangularis and A. levis show high relative frequency
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Fig.9a. Measurements of A. levis plotted against the thickness of the GA section. Black square: the mean value of more than
ten specimens is plotted with 95 per cent confidence intervals. White square: the mean value of less than ten specimens
is plotted as a reference. The number a each horizon indicates the number of specimens.
and high abundance. Although the flourishing time is
different, the ecological niches of A. triangularis and A.
levis are supposed to be similar, because of the overall
similarity of their shell geometry and size.
Meaning of acme
What is the cause of acme? What is the cause of
changing of acme? It may be considered as an expres-
SIOn of the flourishing pattern of life itself, or as a re-
sult of reaction to environmental change. A.
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triangularis appears earliest in Late Permian time, and
flourishes and forms an acme at first. The first ap-
pearances of the other species also occur relatively early
in time, but their acmes arise severally. The duration
and scale of each acme of Late Permian Albaillella var-
ies. When the predominant species shifts from A.
triangularis to A. excelsa, these acmes overlap each
other. The acmes of A. excelsa and A. flexa do not
overlap. It seems that there is no relation between the
frequency and mean RU as an indicator of environ-
mental change, except for A. triangularis. There is also
no relation between the duration of each acme and the
mean RU. The durations of acmes and the changing
patterns of acmes might mainly represent the evolution-
ary pattern.
Radiolarian morphology and paleoenvironment
There are many factors of morphological variation
within a radiolarian species, such as : 1:' evolutionary
(generic) change; 2: environmental change; 3: difference
in growth stage (ontogenetic change); 4: difference in
fossilization, e.g., transportation, dissolution, deforma-
tion, recrystallization ; 5: errors. Regarding factor 3,
juvenile forms could not be detected in the studied as-
semblages. Almost all fossilized individuals may be
adult forms. Morphometrical study is very useful in
order to clarify individual variation and ontogenetic
differences. Therefore, if juvenile forms are present,
such morphologies can be distinguished. Factor 4 is ac-
tually important but it is not treated herein, because
the evaluation of the effect of fossilization is very dif-
ficult. Factor 5, the artificial influence or errors in
treatment and measurement may also affect the result.
It was confirmed that the concentration of hydrofluoric
acid (2.5 - 5 %) and treated time (3 - 48 hours) did not
greatly affect fossil preservation. All specimens in the
residue from one to several treatments were picked up.
If the residue yields many Albaillella, dried residue is
divided into equal splits, and then a single split could
be picked. Therefore an artificial sorting may hardly
happen. Personal errors occur at the same level.
Distinguishing factors 1 and 2 is a debatable prob-
lem; the pattern of morphological change may give a
hint for distinguishing the factors 1 and 2.
Various factors, physical, chemical and biological,
influence the environment around radiolarians. Radio-
larian morphology is closely related to these factors.
Granlund (1986) studied the size and shape patterns in
the Recent radiolarian Antarctissa from the South In-
dian Ocean transect. The shape variation of
Antarctissa shows a close connection with the sea-
surface temperature and salinity parameters. Granlund
(1990) examined the variations in size and shape of
Antarctissa from piston cores in the southeast Indian
Ocean for the last 0.5 Ma. The change of shape of
Antarctissa is detected from the shell outline, using phi
function analysis. The size of Antarctissa is repre-
sented by the area of the test. The oscillation in size
and shape accords with the oxygen-isotope data.
Antarctissa shows larger forms during glacial periods
and smaller forms during interglacial periods. As the
cause of this morphological change, the increase of the
amount of silica during glacial periods, due to increased
upwelling, was suggested. The morphological change of
Antarctissa therefore indicates paleoclimatological fluc-
tuations.
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In this study, the change in mean HU of Late Permian
Albaillella is considered to reflect an environmental
change. The HU is regarded as a conservative part be-
cause the difference of HU between species is compara-
tively small. The main point of the distinction is si-
multaneity of the morphological change in the same
feature between two co-existing species. Because the
paleoecology of albaillellarians is reconstructed in
rather deep water depth, oscillation in HU of Albaillella
may indicate the environmental change in deep water.
However, the HL of A. excelsa, HL of A. lauta, AA of
A. flexa and HU of A. levis are related to the
evolutional changes. As mentioned earlier, these mor-
phologic changes occur in long time ranges and on a
large scale in shape.
Environmental change in Late Permian
The general paleoenvironment of Late Permian is
discussed b~low. The existence of Panthalassa, Tethys
sea and the huge supercontinent, Pangea, has been
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Fig. 11. Relation between relative frequency and mean HU of Albaillella triangularis in the GA section.
reconstructed as existing in the Permian (e.g., Klein
and Beauchamp, 1994; Scotese and Langford, 1995).
Barron and Fawcett (1995) reviewed the climate simula-
tions of Permian time. Surface circulations of the
oceans were characterized by easterly currents at low
latitudes, as in the present-day Pacific. In the pelagic
part of the Panthalassa, bedded cherts of the Mino Belt
were formed continuously (e.g., Matsuda and Isozaki,
1991). Paleomagnetic study indicates that Triassic bed-
ded cherts in the Mino Belt were formed in low lati-
tudes (Shibuya and Sasajima, 1986). The paleolatitude
of the Upper Permian bedded chert may indicate low
latitude. Seamounts were scattered in the Panthalassa,
where bedded chert was formed in the Permian. The
depositional environments around seamounts were recon-
structed in the Mino Belt (e.g., Sano, 1989). The local
current system around a seamount might be compli-
cated, so regional differences in environment may be
predicted. There are some intercalations of siliceous
claystones, dolomitic cherts and hematite nodules and
lenses in the Upper Permian bedded chert in the Mino
Belt. Their occurrences are variable at different
stratigraphic levels, suggesting regional differences in
the depositional environment. Under such situations,
the differences in mean shell size between the GA and R
sections may have resulted from the differences in local
environment.
The oscillation pattern of the mean HU may reflect the
other paleoenvironmental change, such as that origi-
nated from the Milankovitch cycles. The order of the
Milankovitch cycle is 10· - 10 5 years, and this may cor-
respond to the order of the oscillation in HU. Accord-
ing to Kawakami (1995), the Milankovitch cycles as pe-
riodic structures of rhythm in earth history, are con-
spicuous in the environmental fluctuations taking place
from 10· - 10 6 years. The rhythmic bedding of radio-
larian bedded chert is considered to be genetically re-
lated to radiolarian blooming associated with the
Milankovitch cycles (e.g., Hori et al., 1993; Sugiyama
et al., 1994). The climatic and sea-level changes of
various orders had affected the marine life. Radiolari-
ans had been also influenced by changes of many fac-
tors, for example, current system and water tempera-
ture connected with the climatic changes.
Conclusion
Paleontological study of Late Permian Albaillella
(Radiolaria) was carried out in two bedded chert sec-
tions from the Gujo-hachiman and Ryozen areas in the
Mino Belt, Japan. The stratigraphic occurrence of
Albaillella was reviewed in detail. The highest fre-
quency parts of occurrence in each species were regarded
to show their evolutionary acmes. Using a
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Fig. 12. The phylogenie relations of Middle-Late Permian Albaillella.
morphometrical method, four parts of Albaillella were
measured through the section. The difference in mean
shell size may reflect the difference in local environ-
ments between the two areas. The similar change in
mean height of the' upper part was commonly found be-
tween co-existing species. This may have been influ-
enced by the environmental change taking place during
several hundred thousand years. The morphological
shifts among individual species are regarded as the evo-
lutionary trends. On the basis of the morphology, the
phylogenie relation of Albaillella is revised.
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